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© Radiation-sensitive semiconductor device. 

® A radiation-sensitive semiconductor device com- 
prising a high-ohmic semiconductor wafer having a 
thicker edge portion (1A) and a thinner central por- 
tion (1B), in which a photodiode (5) is located. The 
surface opposite to the photodiode is provided with a 
highly doped contact layer (7), on which a metal 
layer (8) is provided. The central portion is so thin 
that at a low photodiode voltage the depletion zone 
of the photodiode extends as far as the contact layer 
(7). According to the invention, the device comprises 
an active screening diode (11), which extends both 
^in the edge portion and in the central portion and 
^ whose depletion zone extends in the operating con- 
dition in the central portion also as far as the contact 
gj| layer (7). As a result, diffusion of charge carriers 




from the edge portion to the photodiode is avoided. 
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Radiation-sensitive semiconductor device. 



The invention relates to a radiation-sensitive 
semiconductor device comprising a semiconductor 
body in the form of a wafer having a thicker edge 
portion and a thinner central portion provided with 
a substantially flat first surface and an oppositely 
arranged second surface extending substantially 
parallel to the first surface, this device comprising a 
high-ohmic first region of a first conductivity type 
adjoining the first surface, a second region of the 
second opposite conductivity type which is ar- 
ranged within the central portion, adjoins the first 
surface and forms with the first region a photodiode 
comprising a radiation-sensitive pn junction and is 
entirely surrounded by the first region within the 
semiconductor body, as well as a highly doped 
contact layer of the first conductivity type adjoining 
the second surface and the first region, a metal 
layer being formed on at least a part of the second 
surface, and the metal layer and the second region 
being provided with connection conductors, while 
the central portion of the semiconductor body is so 
thin that it is depleted at least as far as the contact 
layer when a voltage of less than 10 V is applied in 
the reverse direction across said pn junction. 

The invention further relates to a method of 
manufacturing such a semiconductor device. 

A semiconductor device of the kind described 
is known from the French Patent Application pub- 
lished under No. 2284989. 

Semiconductor devices comprising 
photodiodes are known and are used in radiation- 
sensitive circuit arrangements and apparatuses of 
different kinds, for example for optical communica- 
tion, for optically recording and reading information 
and for various computer applica tions. In most 
cases, it is of major importance that the photodiode 
is rapid, Le. can follow variations of radiation inten- 
sity having a very high frequency (> 500 MHz). 

Another important fact is that in many cases it 
is desirable and even necessary that the 
photodiode can operate at low voltages of, for 
example, less than 5 V. 

in order to obtain a rapid photodiode, the diode 
capacitance should be low, which can be achieved 
in that the diode is formed on semiconductor ma- 
terial of very high resistivity-However, it has been 
found that in most cases also a slow component 
occurs, which is due to diffusion of generated 
charge carriers from the substrate. More particu- 
larly with high-ohmic material, in which the life of 
minority charge carriers is generally long, this diffu- 
sion can take place from parts located at a com- 
paratively great depth. In the semiconductor device 
according to the aforementioned French Patent Ap- 
plication 2284989, the central portion is thin-etched 



so that this portion is fully depleted already at a 
low voltage across the photodiode. Thus, a 
photodiode operating at a low voltage is obtained, 
in which in the thin central portion only the thin 
5 contact layer adjoining the second surface can 
contribute to the aforementioned slow signal com- 
ponent. However, parasitic charge carriers can also 
diffuse to the surrounding of the photodiode from 
the thicker non-depleted edge portions of the wafer 
70 and thus can nevertheless give rise to a not unim- 
portant slow component. 

The invention has inter alia for its object to 
provide a radiation-sensitive semiconductor device 
comprising a rapid photodiode which has a high 
75 sensitivity, operates at a low voltage and is me- 
chanically strong. 

According to the invention, a radiation-sensitive 
semiconductor device of the kind described in the 
opening paragraph is characterized in that the met- 
20 al layer is reflecting for the radiation to be detected 
and in that a screening diode adjoining the first 
surface is provided, which entirely surrounds the 
second region within the central portion, extends 
into the thicker edge portion and is entirely sur- 
25 rounded by the first region within the semiconduc- 
tor body, the screening diode forming with the first 
region a rectifying junction and being provided with 
a connection conductor for applying across the 
screening diode such a voltage in the reverse 
30 direction that the depletion zone thus formed ex- 
tends in the central portion at least as far as the 
contact layer. 

Due to the fact that the depletion zone starting 
from the screening diode entirely depletes the 
35 edge of the central portion of the semiconductor 
wafer as far as the highly doped contact layer, this 
central portion is practically insulated electrically 
from the edge portion. As a result, the charge 
carriers generated in the central portion by radi- 
40 ation not incident upon the photodiode and also 
those charge carriers which are generated 
(optically or thermally) in the high-ohmic edge por- 
tion of the wafer and the diffuse towards the 
photodiode, are drained via the screening diode, 
45 except for a very small part which can diffuse via 
the contact layer. The said slow signal component 
is then consquently practically eliminated. Due to 
the high-ohmic material used, the capacitance of 
the photodiode is low, which leads to an increase 
so in speed. Moreover, the depletion of the central 
portion is attained at a very low voltage (with the 
use of n-type silicon of 10000 .cm and a thickness 
of 10/um for the central portion for example only 2 
V). The metal layer on the second surface ensures 
a high sensitivity by reflection of the incident radi- 
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ation. 

The screening diode can comprise a metal 
layer which forms a rectifying junction with the first 
region. According to a preferred embodiment, the 
screening diode forms with the first region a pn 
junction, which can then advantageously be formed 
sumultaneously with the radiationsensitive pn junc- 
tion of the photodiode. 

Preferably, the screening diode covers sub- 
stantially the whole edge portion and the major part 
of the central portion of the semiconductor body. 
Further, the distance between the radiation-sen- 
sitive pn junction and the screening diode is prefer- 
ably so small that in the operating condition the 
depletion zones associated with the screening di- 
ode and with the photodiode touch each other or 
even overlap each other under the influence of the 
then prevailing operating voltages. Under these 
conditions, diffusion of parasitic charge carriers is 
counteracted as effectively as possible. 

The radiation may be incident upon the first 
surface or upon the second surface. In the latter 
case, the reflecting metal layer is provided with an 
opening serving as a window for the incident radi- 
ation. 

The semiconductor body may consist of a 
semiconductor element, such as silicon or germa- 
nium, or of a semiconductor compound, for exam- 
ple a lll-V compound, such as galliumarsenide. 
However, the semiconductor body preferably con- 
sists of silicon and the first region has a doping 
concentration of at least 10" and at most 10 13 
atoms per cm 3 . Preferably, the first region consists 
of n-type conducting silicon having a resistivity of 
at least 1000 Q .cm. 

The thickness of the central portion of the body 
will then generally be at most 200/um in order to 
keep the operating voltage low. Preferably, the 
thickness of the central portion will not exceed 
approximately 10,um. 

The invention will now be described more fully 
with reference to an embodiment and the drawing, 
in which: 

Fig. 1 shows diagrammatically in cross-sec- 
tion a semiconductor device according to the in- 
vention taken on the line H of Fig. 2, 

Fig. 2 shows diagrammatically in plan view 
the semiconductor device of Fig. 1. and 

Fig. 3 shows diagrammatically in cross-sec- 
tion another embodiment of the semiconductor de- 
vice according to the invention. 

The Figures are purely schematic and are not 
drawn to scale. Semiconductor regions of the same 
conductivity type are cross-hatched in the same 
direction. In the plan view of Fig. 2, the metal- 
lization is indicated by cross-hatched lines. 

Fig. 1 shows diagrammatically in cross-section 

and 
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Fig. 2 shows in plan view a radiation-sensitive 
semiconductor device according to the invention, 
The device comprises a semiconductor body 1 of 
silicon in th form of a wafer having a thicker edge 
5 portion 1A and a thinner central portion 1B. The 
wafer has a practically flat first surface 2 and an 
oppositely arranged second surface 3 extending 
substantially parallel to the first surface 2. in the 
plan view of Fig. 2, the boundary between the parts 

10 1A and 1B is indicated by a dotted line 15. 

The device comprises a high-ohmic first region 
4 of a first conductivity type, in this embodiment an 
n-type conducting region having a resistivity of 
1000Q .cm, which adjoins the first surface 2, Fur- 

i5 ther, the device comprises a second region 5 of 
the second, opposite conductivity type, so in this 
embodiment of the £ conductivity type, which is 
located within thecentral portion 1 B and adjoins the 
first surface 2. The region 5 forms with the first 

20 region 4 a photodiode comprising a radiation-sen- 
sitive pn junction 6; the region 5 is surrounded 
entirely by the first region 4 within the semiconduc- 
tor body. The device further comprises a highly 
doped contact layer 7 of the first, so in this case n, 

25 conductivity type adjoining the second surface ~3 
and the first region 4. A metal layer 8 is provided 
on at least a part of the second surface 3, in this 
case on the whole surface. The metal layer 8 and 
the second region 5 are provided with connection 

30 conductors 9 and 10. The central portion 1B of the 
semiconductor body is so thin that it is depleted at 
least as far as the contact layer 7 when a reverse 
voltage V t of less than 10 V is applied across the 
pn junction 6. The signal is measured across an 

35 impedance R. 

A radiation-sensitive device as described thus 
far is known from the aforementioned French Pat- 
ent Application published under No. 2284989. 

According to the invention, the metal layer 8 is 

40 reflecting for the radiation to be detected and the 
device is provided with a screening diode 11, 
which adjoins the first surface 2, entirely surrounds 
the second region 5 within the central portion 1B, 
extends into the thicker edge portion 1A and is 

45 surrounded entirely by the first region 4 within the 
semiconductor body. In this embodiment, the 
screening diode is constituted by a g-type conduct- 
ing zone 11, which forms a pn junction 12 with the 
first region 4. The screening diode covers substan- 

so tially the whole surface of the edge portion 1A of 
the wafer. The screening diode 11 is further pro- 
vided with a connection conductor 13 for applying 
across the screening diode such a voltage V a in the 
reverse direction that the depletion zone thus 

55 formed extends in the central portion 1 B at least as 
far as the contact layer 7. 

In the semiconductor device according to this 
embodiment, the radiation is incident upon the sur- 
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face 2 in the direction of the arrows 14. 

In the operating condition, the situation is that 
indicated in Fig. 1. The depletion zones of the 
screening diode 11 and of the photodiode 5 are 
indicated by the non-cross-hatched part of the re- 
gion 4 bounded by a dotted line 16. The depletion 
zone insulates the central portion 1B electrically 
from the undepleted part of the thicker edge por- 
tion 1A t from which no charge carriers can diffuse 
to the central portion 1B other than via the thin 
contact layer 7. Thus, the aforementioned slow 
signal component is practically avoided in the 
semiconductor device according to the invention, 
the more so as the diffusion length of charge 
carriers is small in the very highlydoped - (> 
10 2 °cm~ 3 ) contact layer 7. 

A further advantage of the invention is that 
radiation incident outside the central portion does 
not influence the operation of the diode, scattered 
light and other undesired light only produces a 
current in the circuit in which V 2 is included. Detec- 
tion of this current via an impedance R' may be 
used, for example, to align a fibre, from which the 
light 14 emanates, to the central portion. The signal 
measured via the central diode across the imped- 
ance R is then a maximum and at the same time 
the signal measured across R' is a minimum. In 
general, R' is therefore a temporarily present im- 
pedance for adjustung the device. 

In this embodiment, the first region 4 consists 
of n-type silicon having a resistivity of 1000fl . cm, 
Le. a doping concentration of abut 4.6 . 10 12 atoms 
per cm 3 . The edge portion 1A has a thickness of 
385 /um; the central portion 1 B has a thickness of 
10/um. The second region 5 sonstituting the 
photodiode has a thickness of 0.2/um and in this 
embodiment has a 0.8/um thick edge at the area of 
the annular contact 10. The zone 11 constituting 
the screening diode has a thickness of 0.8/um. In 
order to obtain a better definition of the potential 
variation at the outer edge of the region 12, an n + 
conducting zone 17 is provided along this edge. 
The n-type contact layer 7 has a thickness of about 
1/um. 

Under these conditions, the central portion 1B 
is entirely depleted at voltages of at least 2 V 
across both the photodiode and the screening di- 
ode. 

The semiconductor device of the embodiment 
described can be manufactured in the following 
manner. The starting material is a (100) orientated 
n-type silicon wafer having a resistivity of 1000Q 
.cm and a thickness of about 400/um. This wafer is 
thermally oxidized and channels are then etched at 
a surface into the oxide 18 by means of known 
photolithographic techniques between the separate 
devices to be formed on the silicon wafer. The 
thickness of the oxide 18 is chosen so that with 



any further silicon nitride layer to be applied or any 
other coating at least on the central portion of the 
device the transmission for the light used is an 
optimum. For forming the said zones 17, a heavy 

5 phosphorus diffusion is provided in these channels. 
However, this is not necessary. 

Subsequently, the regions 5 and 11 are formed 
in known manner in the same surface by ion im- 
plantation. If desired, these regions may be formed 

10 in a single step, but in connection with the smaller 
depth of the active part of the photodiode two 
implantation steps are used in this embodiment. 
The diameter of the photodiode is in this case 100 
,um; the distance between the zones 5 and 11 is 

75 10/um. After implantation and a diffusion step, a 
silicon nitride layer having a thickness of 1/um is 
deposited on the silicon wafer as a mask. Subse- 
quently, a square region of 800 x 800>um 2 is ex- 
posed on the back side of the wafer and the silicon 

20 is etched selectively for about 10 hours in a solu- 
tion of KOH and propanel in water in order to 
obtain the desired thickness of the central portion 
1B. The central portion is then bounded by (111) 
surfaces at an angle of about 57°. 

25 Subsequently, the silicon nitride is removed 

and the silicon wafer is subjected to a phosphorus 
diffusion, the contact layer 7 then being formed. 
This phosphorus deposition at the same time 
serves as a gettering step. 

30 The required contact windows are then etched 

and the metallization is provided in the usual man- 
ner. For this purpose, an aluminium silicon layer 
containing about 1 % of silicon is used in this 
embodiment The assembly is then provided in a 

as suitable envelope. 

In the present embodiment, the screening di- 
ode is constituted by a £-type zone 11. Instead 
thereof, a Schottky diode could also be used, 
which may be constituted by a suitable metal for- 

40 ming a rectifying junction with the weakly n-type 
region 4. 

Instead of being incident upon the surface 2, at 
which the photodiode is situated, the radiation 14 
may also be incident upon the opposite surface 3. 

45 The metal layer 8 disposed thereon must then 
have an opening serving as an entrance window 
and if desired, an anti-reflection coating of, for 
example, silicon monoxide may be provided therein 
(not shown here). The situation then becomes that 

so shown in Fig. 3, while in the n-type contact layer 
also an opening may be provided at the area of 
this window in order to avoid unnecessary recom- 
bination. The other surface 2 is then coated over a 
largest possible part with reflecting metal (10, 13) 

55 in order that the maximum number of photons can 
be converted into charge carriers. In the case in 
which radiation incident from both sides has to be 
detected, an entrance window may be provided 
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both in the metal layer 8 .and in the metal layer 10. 

The invention is not limited to the embodi- 
ments described above. For example, the dimen- 
sions of the various semiconductor zones and re- 
gions may be varied within wide limits on the 
understanding that the depletion zone of the 
screening diode should extend both within the thin- 
ner central portion and within the thicker edge 
portion. Other semiconductor materials and other 
reflecting metals may also be used, while the thick- 
ness of the various regions and layers may also be 
chosen differently. 



Claims 

1. A radiation-sensitive semiconductor device 
comprising a semiconductor body in the form of a 
wafer havinga thicker edge portion and a thinner 
central portion provided with a practically flat first 
surface and an oppositely arranged second surface 
extending substantially parallel to the first surface, 
this device comprising a high-ohmic first region of 
a first conductivity type adjoining the first surface, 
a second region of the second opposite conductiv- 
ity type, which adjoins the first surface, which 
forms with the first region a photodiode comprising 
a radiation-sensitive pn junction and is entirely sur- 
rounded by the first region within the semiconduc- 
tor body, as well as a highly doped contact layer of 
the first conductivity type, which adjoins the sec- 
ond surface and the first region, a metal layer 
being provided on at least a part of the second 
surface, and the metal layer and the second region 
being provided with connection conductors, while 
the central portion of the semiconductor body is so 
thin that it is depleted as far as the contact layer 
when a voltage of less than 10 V is applied in the 
reverse direction across said pn junction, char- 
acterized in that the metal layer is reflecting for the 
radiation to be detected and in that a screening 
diode is provided which adjoins the first surface, 
entirely surrounds the second region within the 
central portion, extends into the thicker edge por- 
tion and is entirely surrounded by the firs region 
within the semiconductor body, this screening di- 
ode forming with the first region a rectifying junc- 
tion and being provided with a connection conduc- 
tor for applying across the screening diode such a 
voltage in the reverse direction that the depletion 
zone thus formed extends in the central portion at 
least as far as the contact layer. 

2. A semiconductor device as claimed in Claim 
1 . characterized in that the screening diode covers 
substantially the whole edge portion and the major 
part of the central portion of the semiconductor 
body. 



3. A semiconductor device as claimed in Claim 
1 or 2, characterized in that the distance between 
the radiation-sensitive pn junction and the screen- 
ing diode is so small that in the operating condition 

5 the associated depletion zones touch each other. 

4. A semiconductor device as claimed in any 
one of the preceding Claims, characterized in that 
the screening diode forms a pn junction with the 
first region. 

10 5. A semiconductor device as claimedin any 

one of the preceding Claims, characterized in that 
the metal layer is provided opposite to the 
radiation-sensitive pn junction with an opening ser- 
vingas a window for incident radiation. 

is 6. A semiconductor device as claimed in Claim 

5, characterized in that the first region consists of 
silicon and has a doping concentration of at least 
10 11 and at most 10 13 atoms per cm 3 . 

7. A semiconductor device as claimed in Claim 
20 6, characterized in that the first region is n-type 

conducting and has a resistivity of at leasit 1000Q . 
cm. 

8. A semiconductor device as claimed in any 
one of the preceding Claims, characterized in that 

25 the thickness of the central portion of the semicon- 
ductor body is at most 20/um. 

9. A semiconductor device as claimed in any 
one of the preceding Claims, characterized in that 
the thickness of the central portion of the semicon- 

30 ductor body is at most 10/um. 
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